Enhanced insulin signaling via Shc in human breast cancer.
Insulin is a mild mitogen and has been shown to potentiate mitogenic influence of other growth factors. Because hyperinsulinemia and/or overexpression of insulin receptors have been linked to development, progression, and outcome of breast cancer, we attempted to evaluate the mechanism of these associations. We have compared the expression of insulin receptors and the magnitude of insulin signaling in breast tumors and adjacent normal mammary tissue samples obtained from 20 patients. We observed that insulin binding more than doubled in the tumors as compared with the normal tissue (P <.01 by paired t test). Insulin signaling to Shc, judged by the magnitude of its phosphorylation, was also significantly enhanced in the tumors. In contrast, the phosphorylation of the insulin-receptor substrate-1 (IRS-1), Akt, and mitogen-activated protein (MAP) kinase were identical in the tumorous and normal mammary tissues. Finally, tumors displayed significantly increased amounts of farnesylated p21 Ras and geranylgeranylated Rho-A (P <.01), consistent with Shc-dependent activation of farnesyl (FTase) and geranylgeranyl transferases (GGTase) in the tumor tissue. We conclude that the mechanism of the mitogenic influence of insulin in breast cancer may include increased expression of insulin receptors, preferential hyperphosphorylation of Shc, and increased amounts of prenylated p21 Ras and Rho-A in tumor tissue as compared with adjacent normal mammary tissue.